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I z d a t e l '  s t v o  'INAUKA" , 1966 

by  M. A. Gintsburg  

A c o l l i s i o n l e s s  shock wave n e a r  e a r t h  is  possi 'b le  o n l y  because  
it is ob l ique .  
p u l s e s .  The p r o p e r t i e s  of t h e s e  p u l s e s  (ampli tude,  p o l a r i z a t i o n )  
a s  f u n c t i o n s  of v e l o c i t y  and angle  0 are analyzed i n  t h e  f i r s t  p a r t  
of the paper .  
t h e  a c c e l e r a t i o n  o f  so f t  e l e c t r o n s  (E d 1  kev, t h i r d  r a d i a t i o n  belt,  
au ro ra  e l e c t r o n s ,  e l e c t r o n s  i o n i z i n g  the n i g h t  i onosphe re ) ,  and 
a l s o  o f  e l e c t r o n s  w i t h  e n e r g i e s  E +40 kev ( o u t e r  r a d i a t i o n  belt) 
p r e c i s e l y  t a k e s  p l a c e  i n  ob l ique  p u l s e s .  

An o b l i q u e  shock wave c o n s i s t s  of o b l i q u e ' s o l i t a r y  

The hypo thes i s  is developed i n  the second p a r t  t h a t  

Experimental  c o r r o b o r a t i o n s  o f  t h i s  hypo thes i s  are brought  up 
together w i t h  i t s  morphological  consequences.  

* 
* *  

1. STRUCTURE OF OBLIQUE PULSES 

A cont inuous  r e g i s t r a t i o n  o f  t h e  maqnet ic  f i e l d  i n  t h e  reg ion  
from 1 2  t o  14  RE h a s  been  achieved o n - t h e  rocket l lP ioneer - l fn  fi] 
The observed  magnet ic  f i e l d  p u l s e s  w e r e  i n t e r p r e t e d ' b y .  the au thor s  
as i s o l a t e d  p u l s e s  running across  the magnet ic  f ield (Q = % / 2 ) ,  and 
the cu rves  of the magnet ic  f i e l d ,  i n h e r e n t  t o  such p u l s e s ,  w e r e  
b r o u g h t  o u t .  W e  would l i k e  t o  n o t e  t h a t  w i t h  such an i n t e r p r e t a t i o n ,  
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I the theo ry  o f  [2,31 does n o t  agree  w i t h  the experiment  o f  111 : 

I 1) The maximum f i e l d  a m p l i f i c a t i o n  i n  t h e  t r a n s v e r s e  p u l s e  
i s  e q u a l  t o  3 .  
des t royed .  
observed i n  the experiment;  consequent ly ,  f o r  an  i n i t i a l  f i e l d  o f  

For subsequent  f i e l d  i n c r e a s e  the p u l s e s  a r e  
Meanwhile, a p u l s e  h e i g h t  between 50 and 1 0 0 ~  i s  

I 5 ~ ,  the a m p l i f i c a t i o n  c o n s t i t u t e s  10 - 2 0 ,  and n o t  3.  

2 )  I n  the t r a n s v e r s e  p u l s e  t h e  f i e l d  d i r e c t i o n  remains 
i n v a r i a b l e ,  o n l y  i t s  magnitude v a r i e s .  Meanwhile i n  the expe r i -  
ment b o t h  t h e  v a r i a t i o n  o f  the  v a l u e  a s  w e l l  o f  t h e  f i e l d  
d i r e c t i o n  was always observed ,  and a t  t i m e s  t h e y  even changed 
s i g n .  

3)  T ransve r se  p u l s e s  a r e  p o s s i b l e  f o r  Mach numbers m<2, 
and i n  the c o r p u s c u l a r  s t r eam m =  5 - 8. Th i s  i s  why w e  i n t e r -  
p r e t e d  these p u l s e s  i n  [ 4 ]  a s  o b l i q u e ,  t h a t  i s ,  running a t  a 
c e r t a i n  a n g l e  t o  the i n i t i a l  f i e l d  Ho (Q = n / 2 ) .  Oblique p u l s e s  

d i f f e r  e s s e n t i a l l y  from the t r a n s v e r s e  ones:  i n  them e l e c t r o n s  
do  n o t  d r i f t  s t r i c t l y  a c r o s s  t h e  f i e l d  a s  i n  the c a s e  o f  t r a n s -  
v e r s e  p u l s e s ,  b u t  move a t  an  ang le  8 = fl /2 t o  t h e  f i e l d ,  and, 
a t  the same t i m e  w i t h  much g r e a t e r  v e l o c i t y  ( there i s  a v e l o c i t y  
component a long  the f i e l d ) ,  inducing  a l a r g e  c u r r e n t ,  and 
consequent ly ,  a greater magnetic f i e l d  g r a d i e n t  and a g r e a t e r  
f i e l d  a m p l i f i c a t i o n  i n  the p u l s e  (ZZ,,,ax/fZo ] ' f i l /m 40 a s  a g a i n s t  
II,,ax / Ho < 3 i n  t r a n s v e r s e  p u l s e s )  . 

W e  s h a l l  b r i n g  f o r t h  the b a s i c  characterist ics of o b l i q u e  
p u l s e s .  

i s  the p u l s e  r a t e )  , r - ( v ~ / c ) c o s O  U / m ,  U A  is the Alfvhn v e l o c i t y ,  
- n is the plasma c o n c e n t r a t i o n  (ne = n i  = n,  i . e .  i n  the non- 
r e l a t i v i s t i c  c a s e  t h e  plasma i s  q u a s i - n e u t r a l ) ,  vc i s  the 
a b s o l u t e  v a l u e  o f  the t r a n s v e r s e  v e l o c i t y  o f  e l e c t r o n s .  W e  
d e n o t e  by  a d o t  above the d e r i v a t i v e  o v e r  the c o o r d i n a t e ,  
m u l t i p l i e d  by  the r a t i o  (no/n) .6 ,  n ( w )  = no .  T h e  equa t ions  f o r  the 
two-f lu id  magnetohydrodynamics p rov ide  f o r  t h e  modulus X of the 
magnet ic  f i e l d  the fo l lowing  equa t ion  fT;] 

L e t  us  i n t r o d u c e  the  fo l lowing  d e n o t a t i o n s :  a = (I /2&) (fi/]ioj, ~- 
A+:  i s  t h e  maximum v a l u e  of t h e  f i e l d  i n  the p u l s e ,  6 = 2 1 / d i / n ~ u ~ / c  (u0 

).2 = &%Z (A+Z - h2) , ( 1 )  

* I a v a i l  myself o f  the o p p o r t u n i t y  t o  c o r r e c t  the e r r o r  i n  
the f i r s t  equa t ion  o f  [ 4 ]  : i n s t e a d  of  1 + &{ . . .  . W e  should read  
2 + i ) /n  {..., which w i l l  modify t h e  subsequent  o p e r a t i o n s  wi thou t ,  
however,  a l t e r i n g  the conclus ion  on t h e  e x i s t e n c e  o f  hydrodynamic 
i n s t a b i l i t y .  
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where 1 - - / 6 2 ,  t h a t  i s ,  t h e  ampl i tude  o f  t h e  p u l s e  rises 
wi th  t h e  i n c r e a s e  o f  t h e  a n g l e  8 .  

From t h e  e q u a l i t y  r o t R =  ( 4 x / c ) j  fo l lows  

171' = iz + $h2. (2 )  

For h+2-+ ' / z  t h e  d e n s i t y  n = UO/ (1 - 2h2) rises t o  i n f i n i t y ,  so 
t h a t  t h e  upper p u l s e  ampl i tude  l i m i t  i s  Hm,, = l'2Hoal(by=':). The 
p h y s i c a l  s e n s e  of n--tm i s  t h e  fo l lowing:  a t  subsequent  r ise  of 
t h e  ampl i tude  t h e  motion passes  t o  t h e  two-f luid type ,  t h e  i o n s  
a r e  r e f l e c t e d  from t h e  p u l s e ' s  peak. 
of motion (1) i s  i n a p p l i c a b l e .  

A t  such a f low t h e  equa t ion  

Thus l.+z<i/~. But from below ampl i tude  A+ i s  n o t  l i m i t e d  b y  
anyth ing .  For r = &  , h+ = 0. Thus, a t  = O  

- 1 
i 2 cos e = 00s = 2% l r n / M ,  i . e . % < ( M / n z )  '12 20. . . 

1 - 

f o r  ~ + 2  = y. 
t h a t  i s ,  

i . e. Hmax = H O  15 g~r 8 I 3 cos 0 = cos (emax) = 15 

( 3 )  

I ~ / M ,  

H. Y m < i / y Z ( M / m p  - 30. 
Therefore, t h e  exper imenta l  v a l u e s  of 

number i n  the f l o w  cor respond p r e c i s e l y  t o  
the ampl i tudes  of p u l s e s  and o f  t h e  Mach 48 ' I' '1 

/ \ 
\ 

-. o b l i q u e  and n o t  t o  t r a n s v e r s e  p u l s e s .  20 '\\, 
0 ,/f 

o s 2 1 0 1 2 3  P l o t t e d  i n  F ' g u r e  1 a r e  t h e  graphs  f o r  

#/:, , 

3 - n,  H and Eel = mvA/2, fo l lowing  f r o m  
formulas  ( l) ,  ( 2 ) ;  t hey  a r e  compared w i t h  

F i g u r e s  3 and 4 ) ;  H e r e  1 and 2 a r e  t h e  
the d a t a  f r o m  "Pioneer-1" ( [ I ]  , p. 1268, 1 

expe r imen ta l  c u r v e s ,  T i s  t h e  t h e o r e t i c a l  E,*, 
curve .  The plasma parameters  a r e  borrowed - 
f r o m  measurements on "Explorer-18" 

2 1 0 1 2  

6 1.0 

48 

- (no - 

= 5 c m  -3  , U O =  500 km s e c - l ,  HO = 5 y ) ,  and - 

t h e  ampl i tude  i s  taken  maximum ( h e 2 = ' / z ) *  
r e s p e c t i v e l y  f o r  = 8,6) = 76O,  b u t  0.6 - 

even such a s m a l l  d i f f e r e n c e n / 2 - 0 =  l 4 " i s  
s u f f i c i e n t  f o r  t h e  ampl i tude  

Hmax = 0,7 110 aR = 61 y. 



The q u a n t i t y  Qmin = 70°, t h a t  i s ,  the range of a n g l e s  f o r  t h e  

g iven  parameters  i s  o n l y  6 . The propaga t ion  o f  o b l i q u e  p u l s e s  
n e a r l y  p e r p e n d i c u l a r  t o  t h e  magnetic f i e l d  of t h e  f l u x  a g r e e s  
w e l l  w i t h  the d i r e c t i o n  of the l a t t e r ;  d i s r e g a r d i n g  t h e  inhomo- 
g e n e i t i e s  ( I P / 8 r c C n x T ) ,  
p e r p e n d i c u l a r  t o  t h e  l i n e  ear th-sun ,  a long  which t h e  f low moves 
and the o b l i q u e  p u l s e s  propagate .  
t h e o r y  w i t h  experiment  i s  q u i t e  s a t i s f a c t o r y .  

0 

t h e  f i e l d  i n  t h e  g iven  r eg ion  i s  

A s  w e  see, the agreement of 

2 .  ACCELERATION OF ELECTRONS I N  OBLIQUE PULSES" 

A s  may be seen  f r o m  F igure  1, i n  t h e  expe r imen ta l ly  d e t e c t e d  
p u l s e s  of the magnetic f i e l d  t h e  e l e c t r o n s  a c c e l e r a t e  t o  e n e r g i e s  
of the o r d e r  o f  1 kev. 

W e  a s s e r t  t h a t  t h e  e l e c t r o n s  w i t h  e n e r g i e s  of t h e  o r d e r  of 1 
kev ,  d e t e c t e d  f r o m  t h e  s u b s o l a r  s i d e  of the magnetosphere on 
"Explorer-12" [8]f, r e p r e s e n t  e i t h e r  t h e  e l e c t r o n s  of o b l i q u e  p u l s e s ,  
o r  the e l e c t r o n s  a c c e l e r a t e d  i n  o b l i q u e  p u l s e s ,  b u t  t hen  poured 
i n t o  t h e  plasma a t  d e s t r u c t i o n  o f  t h e  l a t t e r .  

This conc lus ion  i s  a l s o  co r robora t ed  by  the estimates of 
i n t e n s i t y .  Assume t h a t  the d e n s i t y  of t h e  plasma between p u l s e s  
i s  10 cmL3 (compressed plasma between t h e  shock wave and t h e  
magnetosphere) . W e  s h a l l  p o s t u l a t e  the a d d i t i o n a l  compression 
i n s i d e  t h e  p u l s e  of t h e  o r d e r  o f  two; t h e n  t h e  f l u x  of p a r t i c l e s  
w i t h  average  energy o f  1 kev through an a r e a  o f  1 c m 2  i n s i d e  t h e  
p u l s e  w i l l  be 41  I- 1 , ~ ~ 1 0 - 9 ~ 1 , 3 ~ ~ 0 ~ ~ 2 ~ 1 0  = 40ergs,which c o i n c i d e s  b y  o r d e r  
of magnitude wi th  t h e  f l u x  of l o 2  ergs cm-2 sec-l, measured i n  [SI. 

L e t  u s  e s t i m a t e  t h e  minimum dimensions o f  t h e  p u l s e  i n  a 
p l a n e  p e r p e n d i c u l a r  t o  i t s  v e l o c i t y .  T h e  p u l s e ' s  t h i c k n e s s  i s  
d M  c / a o , e  M 2 mi, UO-= 5-10' c m  sec'l, whereas t h e  s t a y  t i m e  o f  t h e  
p u l s e  i n  t h e  g iven  volume of plasma i s  T = d /uo w 0.0004 sec. 
During t h a t  t i m e  t h e  electrons of 1 kev w i l l  cover  a p a t h  
S - .5-106 c m  w 50 km i n  t h e  t r a n s v e r s e  p l a n e ;  t hus  t h e  d i -  
mensions of t h e  p u l s e  a r e  1 x 100 km. According t o  the f i e l d  
s t r u c t u r e  measured i n  [I] , t h e  p u l s e  h e i g h t s  a r e  v i s i b l y  d i f f e r e n t .  
Inasmuch a s  t o  each ampli tude cor responds  i t s  own p ropaga t ion  
v e l o c i t y  uo o r  i t s  a n g l e  8 ,  t h e  d i f f e r e n c e  i n  ampli tudes i m p l i e s  
d i f f e r e n c e  i n  v e l o c i t i e s  o r  i n  t h e  p ropaga t ion  d i r e c t i o n s .  The 
p u l s e s  c o l l i d e  and i n t e r a c t ,  forming a c e r t a i n  n o n s t a t i o n a r y  
s t r u c t u r e  a c c e l e r a t i n g  the electrons and i o n s .  S u b s t i t  t i n g  ( 2 )  
i n t o  (1) , w e  f i n d  v12= h2b2(1 -A2)c2. Hence de termining  , and Y 
* S e e  a l s o  the p r e l i m i n a r y  communication 6 . 
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. 
s u b s t i t u t i n g  i t  i n  the r e l a t i o n  no = n (1 - 
the d i s t r i b u t i o n  f u n c t i o n  o f  t h e  e l e c t r o n  p u l s e  by e n e r g i e s  

2 A 2 ) ,  w e  o b t a i n  

w h e r e  Eo i s  the maximum possible k i n e t i c  energy o f  e l e c t r o n  i n  
lllU32 

the g i v e n  pu l se :  "0'7 Such a dependence must be g iven  b y  
r o c k e t  measurements o f - t h e  e l e c t r o n  spectrum i n s i d e  t h e  p u l s e  
i n  the r eg ion  from 10 t o  1 5  e a r t h ' s  r a d i i .  

Formulas (1) f o l l o w  subsequent ly  a l s o  from t h e  equa t ions  
They a r e  of two-f lu id  magnetohydrodynamics wi thou t  p r e s s u r e .  

v a l i d  a t  H2!Sn,>>p = l d '  o r ,  f o r  t h e  a b i a b a t i c  p r o c e s s ,  a t  

where y=C, /C ,  and, co r re spond ing ly ,  formula (4)  a r e  v a l i d  a t  ( i n s e r t  * )  
2xT * E/h'o<I - 

( ~ ~ ~ 2 )  A t  T = 2 l o 5  OK, uo = 5 e l o7  c m  sec'l, y = 5/3, 

t h i s  g i v e s  n / n 0 < 8 , 5 ;  E /E0<0 .85 .  

for  
A t  

X 2 ~ 1 / 2 ,  the cu rve  v 2 ( x )  h a s  a t  t h e  peak o f  the p u l s e  

t h a t  i s ,  ( 5 )  

is the g r e a t e s t  energy t h a t  may be ob ta ined  i n  t h e  p u l s e  by  
e l e c t r o n s ,  which does n o t  exceed t h e  k i n e t i c  energy o f  i o n s .  
I n  t h e  experiment 1 2 1  Hma, = 105y,  t h a t  i s ,  Emax = 3 kev. 
If  t h e  p u l s e  i s  s t e a d y  r e l a t i v e  t o  e a r t h ,  Emax i s  t h e  k i n e t i c  

energy  of i o n s  o f  t h e  co rpuscu la r  s t r e a m .  

Cons ider ing  t h e  i n t e r a c t i o n  o f  t h e  c o r p u s c u l a r  s t r e a m  wi th  
t h e  magnetosphere,  g e o p h y s i c i s t s  have been s e a r c h i n g  f o r  a long 
t i m e  f o r  t h e  t r a n s f e r  mechanism o f  k i n e t i c  energy from i o n s  t o  
t e r r e s t r i a l  plasma f l u x .  As may be seen,  o b l i q u e  p u l s e s  c o n s t i t u t e  
t h a t  mechanism. A t  t h e  same t i m e  t h e  energy i s  a t  f i r s t  t r a n s f e r r e d  
t o  e l e c t r o n s ,  and then  t h e s e  e l e c t r o n s ,  p e n e t r a t i n g  i n t o  t h e  
magnetosphere,  y i e l d  t h i s  energy t o  t h e  t e r r e s t r i a l  plasma (low- 
f requency  r a d i a t i o n )  and t o  n e u t r a l  atmosphere,  e x c i t i n g  p o l a r  

* 
the a n g u l a r  p o i n t  CLmax2 = A+2~2. 

5 



a u r o r a e  and induc ing  t h e  i o n i z a t i o n  of  t h e  n i g h t  ionosphere .  
The e n e r g i e s  of  lo1 ergs. cm-2 sec-1 a r e  e x a c t l y  s u f f i c i e n t  f o r  
c r e a t i n g  such p h y s i c a l  e f f e c t s  [9]. Inasmuch a s  e l e c t r o n s  move 
a long  t h e  l i n e s  of f o r c e  o f  t h e  geomagnetic f i e l d ,  t h e r e  t a k e s  
p l a c e  a focus ing  e f f e c t  toward t h e  ground s u r f a c e  o f  e l e c t r o n s  
having  invaded v a r i o u s  a r e a s  of t h e  magnetosphere, and con- 
s e q u e n t l y  a l s o  a focus ing  e f f e c t  o f  t h e i r  energy f l u x .  

An i n d i r e c t  c o r r o b o r a t i o n  of such a hypo thes i s  i s  g iven ,  i n  
p a r t i c u l a r ,  by  t h e  experimental  r e s u l t s  of t h e  work [lo] c o n s i s t i n g  
of measurement of X-ray bremmstrahlung emission i n  t h e  atmosphere. 
Experiment h a s  shown t h a t  t h e  X-ray emission c o n s i s t s  a l s o  of 
s e p a r a t e  p u l s e s  of 0.5 sec. d u r a t i o n  t h a t  i s ,  of  same o r d e r  a s  
t h e  o b l i q u e  p u l s e s  i n  t h e  drawing. 

BO] 

A t  r e s o l u t i o n  i n  t h e  t ime of sec, a uniform background 
i s  o b t a i n e d  i n s t e a d  o f  p u l s e s ,  i n  t h e  form o f  o s c i l l a t i o n s  wi th  
a p e r i o d  ~6 sec. This v a l u e  i s  Slose t o  t h e  p e r i o d  of 

1.5.10'3 sec. Meanwhile it i s  w e l l  known 141 t h a t  Wo, i s  t h e  
c h a r a c t e r i s t i c  f requency of  o s c i l l a t i o n s  o c c u r r i n g  i n  t h e  plasma 
of a s o l i t a r y  p u l s e  a t  motion o f  e l e c t r o n s  r e l a t i v e  t o  i o n s .  Thus, 
t h e  experiment  o f  DO) p o i n t s  i z l d i r e c t l y  t o  the c h a r a c t e r  o f  
d i s s i p a t i o n  i n  t h e  p u l s e .  A r e c e i v e r  i n  t h e  frequency of - l o 3  cps  
would measure these plasma o s c i l l a t i o n s  d i r e c t l y  i n s i d e  t h e  p u l s e .  

- Langmuir i o n i c  o s c i l l a t i o n s  a t  n = 9 cm-  , ti = 2 a/ 00, i - 

I n  o b l i q u e  p u l s e s  the plasma i s  unsteady r e l a t i v e  t o  
o s c i l l a t i o n  b u i l d  up wi th  frequency Qo, i ( a t  o<Oo,i  t h i s  i s  a 
p u r e l y  a p e r i o d i c a l  i n s t a b i l i t y ) .  During t h e  t i m e  o f  f i e l d  s t a y  
i n  the g iven  volume o f  plasma ( z )  t h e s e  o s c i l l a t i o n s  have t o  
acc rue .  Their increment  i s  - ( I ) O , i  = I / T ~ ,  t h e  p u l s e  t h i c k n e s s  i s  
rl - c / (00. e ,  t h a  t i s , 
uo<7  - l o 8  c m  sec 
t h e  p u l s e s .  
i n  o b l i q u e  p u l s e s  i s  g iven  by measurements on "Explorer-18" ( 
F i g u r e  1 9 ) .  6 

TO / z = (90, e / 00, i ) ~ (  [LO / c) =' . fM / rnuo/c, i . e. f o r  
-1 , t o  < t. They h e a t  t h e  e l e c t r o n s ,  a l s o  d e s t r o y i n g  

The exper imenta l  c o r r o b o r a t i o n  o f  e l e c t r o n  h e a t i n g  
[ i l l ,  

The a c c e l e r a t i o n  i n  o b l i q u e  p u l s e s  i s  an e s s e n t i a l l y  non- 
s t a t i o n a r y  p r o c e s s  s t i l l  f o r  ano the r  reason:  a t  p u l s e ' s  peak 
b e c a u s e  o f  plasma compression, 8 m x T  > fP, and t h e  cons idered  
s t a t i o n a r y  s o l u t i o n s  obta ined  i n  t h e  approximation o f  c o l d  plasma 
hydrodynamics,  a r e  no l o n g e r  v a l i d .  B u t  w e  s t i l l  s h a l l  u t i l i z e  
them f o r  the i l l u s t r a t i o n  of  t h e  p h y s i c a l  mechanism of o n s e t  o f  
v o r t k x  electric f i e l d s  ( c . ro t8  = : - - d l Z / d t ) ,  a c c e l e r a t i n g  t h e  p a r t i c l e s ,  
and f o r  q u a l i t a t i v e  e s t i m a t e s  o f  maximum energy o f  a c c e l e r a t e d  
p a r t i c l e s  and i t s  dependence on t h e  ang le .  

6 
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When h e a t i n g  the e l e c t r o n s  i n  p u l s e s  t o  tempera tures  
T,  < t h e  f l o w  p a s t  t h e  magnetosphere becomes 
t r a n s o n i c ,  and t h e  requirement  o f  v e l o c i t y  jump o f  t h e  shock 
wave type  d rops  o f f  ( % P = z ~ o i ~ s N 1 ,  where cs = T,/M i s  t h e  i o n i c  
speed o f  sound) .  

The v a r i a b l e  magnetic f i e l d  o f  t h e  p u l s e  t r a n s f e r s  a l s o  
i t s  energy t o  p r o t o n s  (see ( 5 ) ) .  These f a s t  p r o t o n s  (0.05 - 1 
M e V )  induce  a r i n g  c u r r e n t  around t h e  e a r t h .  

The s o l a r  wind p r o t o n s ,  reaching  f o r  example t h e  moon, a r e  
d e c e l e r a t e d  i n  s o l i t a r y  p u l s e s ,  wh i l e  the p u l s e - a c c e l e r a t e d  
e l e c t r o n s  c o n s t i t u t e  one o f  t h e  p a r t s  o f  l u n a r  ionosphere.  

Behind t h e  magnetosphere t h e  plasma flow v e l o c i t y  i n  t h e  
t u r b u l e n t  e a r t h ’ s  t a i l  (u = 3.107 + l o 8  cm/sec) i s  much g r e a t e r  
t h a n  t h e  Alfven ve loc i ty*and t h e r e  co r re spond ing ly  emerge i n  it 
o b l i q u e  p u l s e s  i n  which t h e  e l e c t r o n s  a r e  a c c e l e r a t e d .  This  i s  
t h e  way w e  e x p l a i n  t h e  electrons w i t h  energy E-1 kev d e t e c t e d  
on the s i d e  o f  t h e  e a r t h  by  K. I. Gringauz e t  a 1  [12] . 

A s  p o i n t e d  o u t  above, the energy o f  t h e  magnet ic  f i e l d  and 
the energy  of e l e c t r o n s  a r e  maxima f o r  s o l i t a r y  p u l s e s  t r a v e l l i n g  
a long  the f i e l d  (Q = 0 ) .  A n a t u r a l  q u e s t i o n  a r i s e s  a s  t o  whether 
i t  would be p o s s i b l e  to  e x p l a i n  a l s o  t h e  o r i g i n  o f  h a r d  e l e c t r o n s  
w i t h  E 2 40 kev ( e l e c t r o n s  of t h e  o u t e r  r a d i a t i o n  be l t )  by 
a c c e l e r a t i o n  i n  s o l i t a r y  p u l s e s .  

The f i rs t  t o  draw a t t e n t i o n  t o  t h e  importance o f  s o l i t a r y  
p u l s e s  f o r  t h e  t h e o r y  o f  r a d i a t i o n  be l t s  was V. A. Tverskoy i n  
1961 [13]. However, a t  t h a t  t i m e  v e r y  l i t t l e  was known about  
the t u r b u l e n t  s u p e r s o n i c  f l o w  p a s t  t h e  e a r t h  and t h i s  i s  why he 
was compelled t o  l i m i t  h imse l f  t o  o n l y  a r a t h e r  g e n e r a l  remark, 
whereby “such e v e n t s  a s  the a c c e l e r a t i o n  and t h e  h e a t i n g  of  
e l e c t r o n s  i n  s o l i t a r y  p u l s e s ,  o f f e r  i n t e r e s t  f o r  t h e  t h e o r y  o f  
the o r i g i n  of  t h e  o u t e r  r a d i a t i o n  b e l t ,  i n  which so f a r ,  on ly  
f a s t  e l e c t r o n s  have  been d e t e c t e d ” .  The exper imenta l  d a t a  
accumulated f o r  t h e  p a s t  f o u r  y e a r s  a l l o w  t o  deve lop  this  remark 
i n t o  the h y p o t h e s i s  expounded below, accord ing  t o  which t h e  
e l e c t r o n  component o f  t h e  o u t e r  r a d i a t i o n  b e l t  w i th  e n e r g i e s  
Ea40 kev i s  induced by  a c c e l e r a t i o n  i n  s o l i t a r y  p u l s e s  and 
ana logous  n o n s t a t i o n a r y  s t r u c t u r e s .  

A t  p u l s e ’ s  peak t o  e n e r g i e s  of  50 kev cor responds  a magnetic 
f i e l d  Hmnx = (16 nnoE)”~ = 400 while  maximum ampl i tudes  measured by 

-- 
* ( n = G 4 2 0 )  
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Pioneer -1  and Pioneer-5 d i d  n o t  exceed l05y.  However, t h i s  
c o n t r a d i c t i o n  i s  o n l y  appa ren t .  The p a r a l l e l  p u l s e s  (by which 
w e  imply the p u l s e s  t r a v e l l i n g  along t h e  f i e l d )  p ropaga te  wi th  
a v e l o c i t y  u0 = (20+ 30) VA =1800-1200 m-sec-l (see s e c t i o n  1, ( 2 )  
and ( 3 ) )  and t h i s  i 3  why they  cannot  be f i x e d  r e l a t i v e  t o  t h e  
e a r t h :  t h e  d u r a t i o n  o f  such a p u l s e ' s  passage  through a 
p r a c t i c a l l y  g e o s t a t i o n a r y  s a t e l l i t e  (Usat 1.6 km sec-l) i s  
less than  1/100 sec, and the Pioneer-1 magnetometer w a s  n o t  
a b l e ,  accord ing  t o  i t s  t e c h n i c a l  d a t a ,  t o  r e g i s t e r  such r a p i d  
p r o c e s s e s .  But t h e  very  speed of  t h e s e  p rocesses  a l lows  t o  
register them n o t  by  a r o t a t i n g  b u t  by a f i x e d  c o i l  i n  which 
such a p u l s e  induced a s u b s t a n t i a l  e l e c t r o m o t i v e  f o r c e  (EMF). 

I n  a t u r b u l e n t  plasma around t h e  magnetosphere t h e  
unper turbed  magnet ic  f i e l d  i s  - 1 O Y  (Ho a v e r  = 5y8 b u t  a t  
t u r b u l e n t  motion t h e  f l u c t u a t i o n  of t h e  f i e l d  i s  o f  the o r d e r  
of i t s e l f ,  t h a t  i s  Ho,m,,='IO y). A t  no = 5 ~ r n - ~  w e  o b t a i n  the 

45 kev .  

- upper  t h r e s h o l d  o f  e l e c t r o n  energy ( s e c t i o n  1 ( 5 ) )  : Emax - 

The p r o p e r  geometry ( s o l a r  plasma f l o w  a long  t h e  magnetic 
f i e l d ,  uoII Ho) and t h e  plasma v e l o c i t i e s  r e q u i r e d  f o r  p a r a l l e l  

P u l s e s  (UO max"UO a v e r  + Aut 
u ~ ,  max /VAY20) i n  t h e  p rocess  o f  t u r b u l e n t  l a r g e - s c a l e  
p u l s a t i o n s  (%- lo3  k m )  i s  a l s o  m a t e r i a l i z e d  (see [14--16]) i n  t h e  
t u r b u l e n t  t r a n s i t i o n a l  r eg ion  on the s u b s o l a r  s i d e ,  a s  w e l l  a s  
i n  t h e  magnet ic  t a i l .  The emerging p u l s e s ,  having  a t t a i n e d  

= 0 .5 ,  a r e  soon t i p p e d  ove r ,  pour ing  o u t  t h e  p a r t i c l e s  
a c c e l e r a t e d  i n  them. The n o n l i n e a r i t y  o f  plasma f low l e a d s  
i n  this way t o  magnet ic  f i e l d  g r a d i e n t  i n c r e a s e ,  and hence t o  
t h e  appearance  o f  e lectr ic  f i e l d s  a c c e l e r a t i n g  the p a r t i c l e s .  

- U O ,  a v e r  - 40Q- km sec-l, 

According t o  measurements on t h e  AES "Injun-3" [I?] t h e  
c u r v e s  o f  so f t  (E 2 10 kev)  and h a r d  e l e c t r o n s '  (E 2 50 kev) 
c o u n t  a s  a f u n c t i o n  o f  t i m e  c o i n c i d e  i n  the i r  shape,  t h a t  i s ,  
h a r d  e l e c t r o n s  a r e  a c c e l e r a t e d  by  t h e  same mechanism a s  s o f t  
e l e c t r o n s .  

P u l s e s  i n  4007 may p e n e t r a t e  t o  g e o c e n t r i c a l  d i s t a n c e s  
r Y 3R a c c e l e r a t i n g  t h e  p a r t i c l e s  i n s i d e  t h e  magnetosphere. 

E' 
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The upper  energy t h r e s h o l d  E+ o f  e l e c t r o n s  a c c e l e r a t e d  i n  
p u l s e s  i s  de termined  from t h e  r e l a t i v i s t i c  theory :  E + =  nac2) /1+ A+W, 
a t  the same t i m e  r < 6 < 4 ,  t h a t  i s ,  E+93mc2=1,5Mev. Such 
h i g h  va lues  a s  v A >  650 km/sec and the g e n e r a t i o n  of ha rd  
e l e c t r o n s  a r e  p o s s i b l e  i n s i d e  t h e  magnetosphere du r ing  magnet ic  
s t o r m s ,  and a l s o  on the sun. 

Any change of ang le  between Ho and uo i n  the s o l a r  wind 
changes the s t r u c t u r e  of t h e  t r a n s i t i o n a l  r eg ion ,  and though 
the energy of the i n t e r p l a n e t a r y  f i e l d  i s  much less than  the 
k i n e t i c  energy o f  the s o l a r  plasma, b u t  the  t r a n s i t i o n  
c o n d i t i o n s  of the l a t t e r ,  f o r  example, from i o n s  t o  e l e c t r o n s ,  
( a c c e l e r a t i o n  of e l e c t r o n s )  a r e  de te rmined  p r e c i s e l y  by t h i s  
f i e l d ,  tha t  i s ,  i t s  d i r e c t i o n  and magnitude. 

A t  Mach numbers 91 > 1/~2~M/rncosO ( u  > L Z ~ , ~ ~ ~ ) '  s o l i t a r y  p u l s e s ,  
and a l o n g s i d e  wi th  them the shock wave, t i p  o v e r ,  the motion 
becomes " two-f lu id"  , e l e c t r o n s  a r e  n o t  m o r e  e x t e n s i v e l y  hea ted ,  
b u t  i o n s  a r e .  I n  the near-ground plasma VA pJ 50 km/sec and uo, 
c r i t  = (1 - 
km/sec. 
the i n t e r p l a n e t a r y  magnet ic  f i e l d  H o  and uo i n c r e a s e s  (and such 
v a r i a t i o n s  take p l a c e  s y s t e m a t i c a l l y  a t  the boundary of i n t e r -  
p l a n e t a r y  f i e l d  s e c t o r s  [ij] and s p o r a d i c a l l y ,  every  few hour s  

1.5) l o 3  km/sec. If  COS 0 # 1, U O ,  c r i t  4 1 0 3  
When the f low v e l o c i t y  uo rises, o r  t h e  ang le  0 between 

[16]), the head wave t i p s  over .  

The a c c e l e r a t i o n  i n  s o l i t a r y  p u l s e s  i s  by no means t h e  o n l y  
a c c e l e r a t i o n  mechanism. (For  o t h e r  a c c e l e r a t i o n  mechanisms, 
see [19-211) . 
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